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ABSTRACT

We prove that the location -2 + a3(z ) of the three-particle Regge

pole in d)3 theory obeys
0«'3(0) > 2.2292714924 a(0)

where -2 + «(0) is the position of the Reggeon-particle cut,
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1 :
In the previous paper on the high energy behavior of ¢>3 theory
we demonstrated that in addition to the usual Mandelstam diagrams
which lead to the "Reggeon-particle' cut located at (we take m = 1)

2

-2 + 2(0)=-2 + ~g——3 - (1)
16w

there is a much larger class of diagrams which are equally important.
We also showed that when all these diagrams are included the full

amplitude has a three-particle Regge pole at -2 + a3(A) where
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with

—
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The purpose of this note is to show that
a3(0) > 2.2292714924 «(0) ., (4)
To prove (4) we choose in (2}
hc) = (k" +4) 7, (5)

Then, for convenience, define J to be the right-hand side of (2}

evaluated with (5) divided by 2«(0). Explicitly, since
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we have
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Define the two-dimensional Fourier transform by
- - - 2= ‘—b. g —_
F(7) = (Zn)ifd K e 8 F mid)

Then, using

jdzx? A )B(E) =J a®7T A(¢)B( 1)
and

1 [ .2~ 2~ ir -

o= [a% %" A Bk e = 20 A(DB(T)

and defining

we have

J =4j dee [ﬁ‘B(?;)f"i(E.)z + 25‘2(t;.)1_*“1(€)?]
0

Now

(6)

(9)
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(11)

(12)
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21 a’i iz 2 - Bplad) (43)
k" +a

when KO(L) is the modified Bessel function of the second kind, Thus

we find by repeated - differentiation that

Fi(?;) = KO(?;) (14)
F(4) = - 2K2(L) (15)
2 2 0 -
and
3
_ L 8 -t 8
Fg(é)— T 51 £ 5T KO{Q) . (16)
Using the differential e-quation2 for KO
K- + ks - K_ =0 (17)
0 0 0
we rewrite {16} as
I S S
Fo(t)= gt [-2¢ K0+K0] . (18 )

Substituting (14), (15) and (18) into (12) yields

[o4]

- o 3 _ -1 ”» 2 ” 2 ]
J = f dt t 3( 2t K0+KO)KO+2KO (KD) . {19)
)

Integrate the last term by parts to obtain

D

o1 2.2 0o
J = Zjdgf; K0(6K0+ KO) . (20)
0

Then, if we integrate the first term by parts and define
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_ 3
I, = J' de ;Ko(é) (21)
0
and
~ 3 3
L = J' dt ¢ KO(E) (22)
0
we find
J =21, - LY (23)
S 22

To proceed further we use Nicholson's for'mulaL3

KO({.)Z = zJ’ dt Ko(zg cosh t) (24)
0

and the integrafl

p+2

2 T4 - p)f dt Ko(at)KO(t)t'p
0

-2 4
=ot TR} -4p, 4 - 31 -p1-a OITE-Lp), (25)
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where F(a, b;c;z ) is the hypergeometric function. We find
x

I, =J’ dt (2 cosh t)% F (1, 1;2;4-(2 cosh t) %] (26)
0
and
®
I, = %[ dt (2 cosh t)'4 F{2,2;1 - (2 cosh t)_z]. (27)
0

Specifically, > we have

Fi{1,1;2;2) = -z_iln(i-z)

and
F(2, 2:4;2) = 6{[—zz'3 + 2 n(-2) - 2 z'z}. (28)
Therefore
[e9]
I1=2J gt In (2 cost;t} (29)
0 (2 cosht) -1
and

€N

2
I2 = SJ dt [ (2 cosh t)2 - 132 \:(2 cosh t)2+i In (2 cosh t) - 1] .
0 (2 cosht) -1 (30)

Make the change of variable

2
x=et (31)
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to obtain
o8]
I, = %j dx -—1—91&%1-1— (32)
0 (x+4) -x
and
(a0}
x (x+1)2+x
Iz=2 dx > 2; In{1 +x)-1}, (33)
0 [(4 +x)" - x] (x+1) -x
Then let
1
Xx=—-1 (34)
¥
and find
i
1 2 2
_ Voo~ vy 41
0
and
: 1 1+y = 2
Izz-z dy y{1 - v) 22[ yz 1ny+i]. (36)
0 (1 -y +y™) 1-y+vy
Next define
Z =2y -1, (37)
Then 1 ,
In 2(4 - z§ o
Ii=—f dz el 5 ) (38)
3+2
0
and
1 2
i - _ a1
12=—§ dz{m-““ ZZ ) 4, 3 222 : (39)
0 3+ z (3 + z7)

Therefore we find
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4 2
L=3h4 -3 (40)
and hence
4 1
= + — = —+
J 311 3 I2 1., (41)
By expanding (35) as
1 1
[ss]
1 + « 1 n
4 =-%jdy~13lny=-gf dy 4+ y)lny 2 (-1) y3n
0 1+y 0 n=0
1 < 2 2
n - -
=5 2 071G +1)%+ (Bn+2)77] (42)
n=0
andusing6
> 2
2. (z+n) “ =4 (z), (43)
n=0

where (2 ) is the logarithmic derivative of the gamma function, we

have
S NS TESYSNRTE R
L= v (g + e 7 (3) V)~ () (44)
Numerically we find
I1 = 0.5859768097 (45a)
and
IZ = 0.1446357462 . (45h)

Uging {45) in (41) and using the definition of J (4) follows.
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